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A B S T R A C T
Recreational vessels are important contributors to the spread of marine alien species, particularly in relation to
secondary spread within novel regions. As such, these vessels should be considered a monitoring priority. The
aim of this study was to identify a preferred method for monitoring recreational vessels for alien species, while
simultaneously developing a framework that enables managers to objectively choose the most effective sampling
approach given their financial constraints. Divers and a remotely operated vehicle (ROV) were considered in
relation to four sampling approaches i.e. meanders, transects, inspection of niche areas and the collection of
quadrats. Each was applied to the same 53 vessels which represented a spectrum of hull fouling cover. The most
effective methods were diver scrape quadrats (Range of alien species numbers per quadrat: 0–9, Total alien
species: 20) and inspections of niche areas (Range of alien species numbers: 0–5, Total alien species: 9). All
methods employed using an ROV had low efficacy and incurred high costs. While scrape samples were one of the
most expensive methods, this was offset by the lowest cost per species detected. Thus, it is recommended that
monitoring programmes utilize scrape samples and niche area inspections, but when faced with financial con-
straints, diver meanders and niche inspections offer sound alternatives for detecting alien species.
1. Introduction
Alien species are recognized as an important threat to biodiversity
and ecosystem functioning in terrestrial, freshwater and marine en-
vironments (Mack et al., 2000; Marchi et al., 2011; Simberloff et al.,
2013; Chan and Briski, 2017). In the marine environment, such species
are transferred by a variety of vectors including ballast water (Adebayo
et al., 2013), biofouling (Williams et al., 2013), aquaculture (Grosholz
et al., 2015), the aquarium trade (Holmberg et al., 2015) and canals
(Galil et al., 2015). Of these vectors, biofouling (i.e. the attachment or
growth of biota on the submerged sections of hulls and niche areas of
vessels (Coutts and Taylor, 2004)) has become dominant in recent years
(Hewitt et al., 2009; Williams et al., 2013) with the role of fouling on
recreational vessels becoming increasingly recognized (Davidson et al.,
2010; Hewitt et al., 2007; Peters et al., 2017). Species are able to es-
tablish and accumulate on these vessels during their long stationary
periods in marinas (Hewitt et al., 2009), a process that is aided by in-
efficient or ill-maintained anti-fouling paint (Floerl and Inglis, 2005).
While it is not an easy task to assign an unequivocal link between an
already established alien species and the vector through which it ar-
rived (Minchin, 2007a), recreational vessels have played a key role in
the spread of some marine algae and invertebrate species (Hewitt et al.,
2007; Minchin et al., 2006). One of the best documented cases of yacht
transfer is that of the mussel Mytilopsis sallei that was introduced to
Darwin Harbour estuary (Willan et al., 2000). This introduction cul-
minated in one of the first successful large-scale marine eradication
attempts, following its early detection and the ensuing rapid response
by authorities (Bax et al., 2002).
The example of M. sallei highlights the need to effectively survey
small vessel fouling assemblages to detect alien species. Sampling of
subtidal communities has been undertaken using a variety of techni-
ques, ranging from visual to extractive approaches (Mallet and
Pelletier, 2014). For fouling assemblages, approaches that have been
used include visual observations from the surface (Brine et al., 2013;
Floerl et al., 2005), subtidal visual surveys by divers that may include
the taking of photographs and videos (Chapman et al., 2013; Coutts and
Taylor, 2004; Davidson et al., 2009), the use of pole cameras operated
from the surface (Brine et al., 2013; Davidson et al., 2010; Zabin et al.,
2014), the use of remotely operated devices (Davidson et al., 2009; Lee
and Chown, 2009; Needles and Wendt, 2013) and extractive sampling
whereby samples are collected and then processed by taxonomic ex-
perts (Chapman et al., 2013; Coutts and Dodgsun, 2007; Davidson et al.,
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2010; Zabin et al., 2014). These methods require differing levels of
expertise, with varying associated costs. Nonetheless, the success of
detecting alien species may vary depending on the sampling approach
applied, and this is unavoidably linked to the availability of resources
(see Mallet and Pelletier, 2014). Non-invasive visual techniques, such as
video surveys, enable the collection of large datasets that can be time-
efficient (Lam et al., 2006). In contrast, the collection of samples allows
for accurate identification and detection of smaller and inconspicuous
organisms, ultimately resulting in higher species detection rates (Peters
et al., 2014). Although these subtidal sampling techniques have been
applied in various contexts, few studies have quantitatively compared
the efficacy of these methods for assessing fouling assemblages (but see
Beaumont et al., 2007), and none have considered their applicability for
detecting alien species on recreational vessels. Notably, the relative
costs involved with using these kinds of techniques have not been ob-
jectively compared (Mallet and Pelletier, 2014), despite the important
implications that this has for management organizations tasked with
monitoring for marine alien species.
Besides moving between countries, recreational vessels also connect
main ports to more remote regions within country borders, constituting
regional secondary vectors for species introduced through primary
vectors, such as ballast water and ship fouling (Clarke Murray, 2012;
Wasson et al., 2001). Despite this, and the recognition of the potential
importance of this vector (Clarke Murray et al., 2011; Davidson et al.,
2010), there is no systematic monitoring of recreational vessels for
marine alien species anywhere in the world. A precursor for the de-
velopment of such a system is the establishment of an effective and cost-
efficient sampling approach. While the value of such a system is clear,
the development of a standardized method that could be applied across
regions would be extremely beneficial. The overarching aim of this
study was thus, to identify a preferred method for monitoring recrea-
tional vessels for alien species, while simultaneously developing a fra-
mework that will enable managers to objectively choose the most ef-
fective sampling approach attainable within their financial and
logistical constraints.
2. Materials and methods
2.1. Study region
This study considered yachts from four marinas in the Western
Cape, South Africa, to experimentally compare methods for detecting
alien species on the hulls of sea-faring recreational vessels. These
marinas were; Port Owen Yacht Club (32º46′56.43″S; 18º08′53.60″E),
Saldanha Bay Yacht Club (33º00′37.68″S; 17º56′56.75″E), Royal Cape
Yacht Club (33º55′14.15″S; 18º26′34.84″E) and False Bay Yacht Club
(34º11′32.99″S; 18º26′02.20″E). All marinas are situated within or
adjacent to large ports and all marinas receive both local and interna-
tional yacht traffic. This study considered sailing yachts because in the
South African context motorized vessels rarely move among marinas
due to rough sea conditions that typify this exposed coastline.
2.2. Fouling ranks
Data were collected between December 2015 and October 2016. To
gain a measure of background fouling levels, all yachts in each marina
(N=638), were visually inspected and assigned a Fouling Rank (FR).
Fouling Rank is an estimated measure of the amount of biofouling
present on the submerged surface of a vessels hull, as visible from the
surface. This ranking approach was adapted from the ordinal ranking
system developed by Floerl et al. (2005) with the number of levels re-
duced to four for practical reasons (Table 1). A two-way Chi-Square test
was used to determine if the number of boats differed across Fouling
Ranks and marinas. All analyses, unless otherwise indicated, were un-
dertaken in STATISTICA 13. A total of 53 yachts were sampled for alien
species. This sample size was determined by the number of yacht
owners who were willing to provide access to their vessels during the
study period. While a balanced sampling design with equal numbers of
yachts in each Fouling Rank would have been desirable, this was im-
possible at the level of individual marinas.
2.3. Sampling approaches
A total of eight sampling methods were applied to each yacht, using
four sampling approaches that were undertaken by both a scientific
diver and a VideoRay Pro 3 Remotely Operated Vehicle (ROV). The four
approaches were the Meander, Transect, Niche and Quadrat. The
Meander consisted of a diver searching the submerged hull area for
alien species, for a period of 6min. The Transect involved a diver
searching the circumference of the vessel (i.e. all the around the edge of
the entire hull) at a distance of 50 cm below the waterline. The Niche
method included inspections of all submerged niche areas of each vessel
(i.e. rudder, keel, water intakes, propeller and propeller shaft). The
Quadrat method involved the collection of six randomly placed photo
quadrats by the ROV and those same six quadrats were scraped and all
fouling collected by divers as scrape quadrats. These scrapes were later
identified in the laboratory. Divers also made use of a target list of 10
alien species when searching the hull and niche areas and this list was
applied in the ROV methods as well. The use of a target list was im-
plemented in order to ensure fast and cost-effective sampling (Minchin
et al., 2016) as resources for marine biosecurity are generally limited.
Excepting for the processing of scrape samples that needed to be done
back in the laboratory, the various methods were randomly applied to
ensure no effect of sampling order on the number of species detected.
The fact that various people controlled the ROV, sorted the scrape
samples and undertook the diver based methods, further avoided any
sampling introduced bias. Additional details regarding these methods
are provided in supplementary electronic Table S1 1. For each yacht,
the total number of alien species detected by each method was re-
corded. Additionally, for the scrape quadrats, biomass (to the nearest
0.01 g) was recorded for each species, while for the ROV photo quad-
rats, percentage cover was estimated.
For each method Spearman's Rank Correlations were used to detect
relationships between Fouling Ranks and the number of species re-
corded per yacht. For Scrape and Photo Quadrats, Spearman's Rank
Correlations were also used to consider correlations between the
Fouling Ranks and the mean percentage cover and biomass of alien
species (per yacht) respectively. The number of species recorded per
yacht was analyzed using a general mixed effects model (nlme package
in R) with Fouling Rank (four levels: FR 0, FR 1, FR 2, FR 3) and method
(six levels: diver meander, ROV meander, diver transect, ROV transect,
scrape quadrat, photo quadrat) as fixed factors and yacht as a random
factor. The unequal number of yachts in the various Fouling Ranks per
marina precluded the inclusion of marina as random factor. The best fit
model was chosen based on Akaike Information Criteria. A Wald test
was used to assess the significance of the fixed factors in the final model
(Bolker et al., 2009).
In order to assess if the various methods detected different suites of
species, a two factor PERMANOVA was undertaken in Primer 6 (version
6.1.16), with method considered a fixed factor and marina a random
factor. PERMANOVA offers a non-parametric approach to analysis of
variance for multivariate datasets (Anderson, 2001). Because the de-
tection of species was of interest, rather than their abundance, and the
fact that some methods only yielded presence/absence data, the ana-
lysis was conducted on presence/absence data only, comparing each
treatment in the various marinas. To ensure a balanced design for this
analysis, four yachts were randomly selected as replicates (per treat-
ment) for each marina.
2.4. Cost of sampling approaches
In addition to the collection of biological data, the cost of each
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method was considered. These costs were calculated in terms of time
(minutes) and money (USD). Cost in terms of time was calculated per
yacht, as the time it took to set up, collect samples, move to the next
boat, and to process samples. Monetary cost was also calculated per
yacht as detailed in supplementary electronic Table S2. The total cost of
purchasing the VideoRay Pro 4 ($ 35 630) was used when estimating
the cost of an ROV. To gain a measure of cost of an on-going monitoring
programme (as opposed to a once-off study), the total cost was calcu-
lated over 3 years (the expected lifespan of a new ROV) and assumed
sampling of 200 boats per year. Costs per yacht represent the average
value across the four yacht clubs. For the calculation of total cost, no
differentiation was made between Fouling Ranks, as a mix of Fouling
Ranks occur in all marinas and logistical constraints are expected to
prevent managers from deploying different methods for different
Fouling Ranks within a single marina. One-Way ANOVAs were under-
taken to test for differences in costs and numbers of alien species across
the methods, followed by Tukey post-hoc analyses. Additionally, the
cost: benefit ratio was calculated as the monetary cost per species de-
tected by each method.
3. Results
3.1. Fouling Ranks
A total of 638 yachts were observed from the surface and assigned a
Fouling Rank (FR). While the number of yachts varied across Fouling
Ranks and differed among marinas (Pearson Chi-Square, χ2= 40.029,
df= 9, p < 0.0001), the patterns across Fouling Ranks remained
consistent (Fig. 1). In all marinas most yachts fell within FR 1, which
constitutes a slime layer and/or a fouling cover of 1–5%. This was re-
flected in 59% of all yachts falling within this class. Notably, only 10%
and 11% of yachts were assigned to FR 0 and FR 3 respectively, while
79% had a fouling cover of 1–40% i.e. FR 1 and FR 2 combined.
3.2. Sampling approaches
A significant positive relationship was found between Fouling Rank
and the number of alien species detected by all methods (p < 0.001 in
all cases), excepting the Niche method (p > 0.01 for both Diver and
Table 1
Fouling Ranks used in this study (adapted from Floerl et al. (2005)).
Fouling Rank Description Visual
estimate
Example
0 No visible fouling Nil
1 Slime fouling, light fouling including small patches of macrofouling (1–2
taxa)
1–5%
2 Considerable fouling, macrofouling only supported in a primary layer 6–40%
3 Diverse assemblages covering most to all of visible hull surfaces, including
primary, secondary and further layers of fouling
41–100%
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ROV) (for detailed results see supplementary electronic material Fig.
S1). This relationship is reflected by an increase in species numbers
with an increase in Fouling Rank, except for the niche areas where no
relationship was observed. Nonetheless, there was notable variability in
the number of alien species recorded in the various Fouling Ranks by all
methods, especially when undertaken by divers. This is reflected in
Spearman's correlation coefficients ranging from only 0.496 (Scrape
Quadrat) to 0.674 (Photo Quadrat).
There was also a significant correlation between the mean percen-
tage cover (Spearman's Rank Correlation, r= 0.758, p < 0.001; sup-
plementary electronic material Fig. S2) and biomass (Spearman's Rank
Correlation, r= 0.747, p < 0.001) of alien species and Fouling Rank.
This was reflected in an increase in cover and biomass of alien species
with an increase in Fouling Rank.
The best fit model for predicting the number of alien species was the
saturated model and thus included all predictors. The number of alien
species recorded on yachts varied significantly among Fouling Ranks
(Wald test, X3= 100.25, p < 0.001) and methods (Wald test,
X5= 134.11, p < 0.001) (Fig. 2), with no significant interaction be-
tween these factors (Wald test, X15= 13.27, p=0.58). Although FR 0
and FR 1 did not differ significantly from one another and nor did FR 2
and FR 3 (Table 2), the general trend depicted an increase in alien
species numbers with each successive increase in rank, with this pattern
most clearly observed in the Meander, Transect and Quadrat methods
(Fig. 3). The highest numbers of alien species (20 species) were re-
corded when divers collected scrape samples that were later sorted in
the laboratory. The next most effective methods (i.e. all methods un-
dertaken by divers) detected nine alien species. In contrast, the least
effective methods for detecting alien species were the ROV transect and
meander (a maximum of six taxa detected).
Suites of species detected depended on the method used (Psuedo-
F=2.913, p < 0.01) and the marina sampled (Psuedo-F=53.279,
Fig. 1. The number of yachts observed in each Fouling Rank in A) Port Owen (n= 48), B) Saldanha Bay (n=63), C) Royal Cape (n=330) and D) False Bay Yacht
Club (n= 197), along with E) the total number of yachts per Fouling Rank and F) the proportion of yachts per Fouling Rank for all marinas combined.
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p < 0.01). A significant interaction between these main effects
(Psuedo-F=1.857, p < 0.01) demonstrated that the effect of method
differed among marinas, but this was driven solely by the lack of
pairwise differences between methods at Royal Cape Yacht Club
(p > 0.05). Notably, as a main effect and at all marinas except Royal
Cape, the suite of species detected by scrape quadrats differed to that of
all other methods (p < 0.01 in all cases). This is reflective of the fact
that up to 55% of all species detected were unique to Scrape Quadrats
regardless of Fouling Rank (supplementary electronic Table S3). At all
Fouling Ranks, Scrape Quadrats allowed for the detection of most
species and at low Fouling Ranks (0 and 1) the ROV Transect detected
the least species.
3.3. Cost of sampling
The number of alien species detected (ANOVA, F7= 7.5,
p < 0.0001) and the costs incurred (both in terms of time (ANOVA,
F7= 98.5, p < 0.0001), and finances ANOVA, F7= 27.8,
p < 0.0001)) differed significantly among sampling methods. The
Scrape Quadrat was the most time-consuming method (Table 3, Fig. 3).
It was also one of the most expensive methods, being one of five
methods that cost more than $60 per yacht (Fig. 3). However, this
method detected significantly higher numbers of alien species than all
of six other methods (Tukey HSD test, p < 0.05) except the Diver
Niche method and was the most cost effective of all methods, when
considering the cost: benefit ratio. The Diver Niche method was one of
the least time-consuming methods, requiring less than 30min per boat,
and had the second best cost: benefit ratio. Overall the use of divers was
least costly and time consuming. In contrast, all ROV methods detected
fewest alien species, but incurred costs of more than $60 per vessel with
the ROV Transect method being least cost effective.
4. Discussion
Varying sampling methodologies have been used to detect alien
species on recreational vessels (Floerl et al., 2005; Chapman et al.,
2013; Zabin et al., 2014), without consideration of the effectiveness and
costs of these methods. The present study showed that the collection of
Scrape Quadrats was the most effective method at detecting alien
species. Although this method was costly, it detected the highest
numbers of alien species, with the lowest cost per species detected.
Niche areas, such as the propeller, rudder, shaft, keel, vents and water
intakes, were commonly fouled by alien species and thus the most ef-
fective approach for detecting alien species was a combination of scrape
samples from the hull and the inspection of niche areas by a diver.
4.1. Fouling ranks
The majority of yachts sampled had at least a slime layer and<5%
fouling visible from the surface. In theory, these kinds of yachts re-
present a relatively low risk of transfer, since they are unlikely to carry
macrofouling species (Floerl et al., 2005), an often used proxy for the
number of alien species. However, whether a risk exists actually de-
pends on the species under question and the densities at which they
occur. Notably, this study found a significant positive correlation be-
tween species numbers and Fouling Rank for all methods considered,
except for niche areas. This highlights that despite a clear relationship
with fouling cover, Fouling Rank cannot accurately be used as a proxy
for the number of alien species on yachts. This infers that yachts with
higher levels of fouling should be targeted for monitoring purposes as
the probability of detecting more alien species on such yachts is higher.
However, the yachts that appear to have no fouling should not be
overlooked, as they can support alien biota in their niche areas
(Hopkins and Forrest, 2010). This lack of correlation is likely due to
niche areas generally not being visible from the surface, which is the
vantage point from which Fouling Rank is assigned.
Fig. 2. Mean number of alien species (± SE) detected on yachts within each
Fouling Rank for A) Meander, B) Transect, C) Niche and D) Quadrats methods
as applied by diver or ROV.
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Despite the dominance of lightly fouled yachts in this study, 11% of
boats had high levels of fouling (i.e. FR 3). While yachts that have high
levels of fouling and associated alien species may not pose a significant
threat if they remain stationary in marinas (which is often the case with
heavily fouled vessels that are typically uncared for), these yachts could
serve as a source of high propagule pressure of alien species that might
then be spread by yachts berthed nearby that travel frequently.
4.2. Sampling approaches and costs
This study clearly illustrates that the collection of scrape samples is
the most effective method of detecting alien species. The outcome of
applying various techniques to sample yachts for alien species indicated
that, regardless of the method used, species numbers increased with
Fouling Rank (except for niche areas), but variability in species num-
bers across the ranks was high. This is likely due to native species
contributing to fouling cover but not alien diversity (Gittenberger and
van der Stelt, 2011). At least in some cases, this variability weakens the
premise that high levels of fouling are associated with high numbers of
alien species.
Scrape samples detected 20 alien species overall, whereas all other
methods were limited to large, conspicuous species, with the next most
effective method detecting nine species. Thus, if the aim of a mon-
itoring programme is to comprehensively detect alien species, then the
use of Scrape Quadrats is the most appropriate method. This method
was, however, one of the most expensive methods in terms of time and
financial metrics but the most cost-effective when considering the cost
per species detected. While it is important to be aware that the mone-
tary cost calculations in this study may not be applicable in all regions,
as the costs of some elements may vary, it is imperative to note that the
relative costs among methods are unlikely to vary considerably. It is
also noteworthy that the costs of the various methods should not be
considered as additive if more than one method is to be implemented.
This is because the cost of the ROV and the use of divers were calculated
separately to enable the selection of a single method if needed.
However, if a diver is hired for the day, the diver could undertake any
or all of the methods requiring a diver and the cost of the diver will not
be repeated. Similarly, if an ROV is purchased, then the ROV Meander,
Transect, Niche and Photo Quadrat methods could all be undertaken,
but the cost of the ROV would not be incurred for each method and only
the time of the person operating the ROV would need to be accounted
for. This suggests a reduced monetary cost in the field, but will con-
currently increase the resources needed to process samples.
The Diver Niche method detected the most alien species after the
collection of scrape samples. This method was not only effective at
detecting alien species, but also had one of the lowest costs in terms of
time and money, although the cost per species detected was slightly
higher than scrape sampling. Niche areas of boats have previously been
highlighted as key areas for the attachment of alien species (Coutts and
Taylor, 2004; Zabin et al., 2014). Species are thought to foul and to
persist more readily in these areas as many are not anti-fouled (e.g.
propellers and shafts) and are not as planar as the rest of the hull,
thereby resulting in reduced exposure to hydrodynamic forces (Coutts
and Taylor, 2004; Zabin et al., 2014). Due to the reduced costs asso-
ciated with sampling niche areas in comparison to scrape samples, and
the high number of alien species detected by this method, this approach
offers good value for money to managers under circumstances of lim-
ited finances. Nonetheless, the combination of Scrape Quadrats and
Diver Niche methods is considered the best approach to detect high
numbers of alien species on recreational vessels. In addition to this, if
smaller, inconspicuous species that could only be identified with the use
of a microscope were to be targeted, then a scrape sample from niche
areas could be used.
If the cost of collection of scrape samples is prohibitive then the next
best method would be the Diver Meander. Although this method de-
tected similar numbers to the Diver Transect, the Diver Meander
method is recommended as light sensitive species (e.g. some ascidians)
avoid the region close to the waterline where the transect is under-
taken. Divers can also actively search for species across the entire hull
area without investing much more time. In addition, as the diver will
already be present in the water a combination of Diver Meander and
Diver Niche would be an effective approach. The findings of the present
study demonstrated that diver based methods were better at detecting
alien species and were more affordable compared to the use of an ROV.
Other constraints associated with the use of an ROV include the limited
resolution that can be associated with such visual equipment, the fact
that they require a shore-based power source or generator and the time
required for set-up. Based on the experiences of this study, it is re-
commended that in future, divers should collect data on a slate, along
with a diver-operated video attached to their head to record what they
are seeing. In this way the cognitive ability of a diver, along with ar-
chivable high resolution footage that can be used by experts at a later
stage (Lam et al., 2006) could be combined to obtain optimal benefit.
Other studies have made use of such a diver operated video strategy
(Boavida et al., 2016; Langlois et al., 2010; Pelletier et al., 2011).
However, it should be noted that the use of visual surveys by divers
detects fewer alien species compared to scrape samples and is depen-
dent on visibility, a factor that varies temporally and among marinas.
Thus, in regions where funding is limited, scientific divers should be
used to detect and record alien species on yacht hulls. Such divers do,
however, need to be trained to identify alien species. Should additional
funding be available, the use of diver-operated video is encouraged, so
that footage can later be reviewed if necessary. While the footage would
increase the processing time, it would ground-truth the information
that the divers record. Unfortunately, certain species that require dis-
section to confirm identification (e.g. several ascidian species) cannot
Table 2
Main effect coefficient estimates and associated significance levels derived from the general mixed effect considering the effect of (a) Fouling Rank and (b) sampling
method on the number of alien species recorded on yachts. ns not significant, * p < 0.05, **p < 0.001,***p < 0.0001.
(a) Fouling rank FR0 FR1 FR2 FR3
FR0 –
FR1 0.606 ns –
FR2 1.133** 0.947** –
FR3 1.381*** 1.075** 0.312 ns –
b) Method Diver Meander ROV Meander Diver Transect ROV Transect Diver Scrape Quadrat ROV Photo Quadrat
Diver Meander –
ROV Meander - 0.692 ns –
Diver Transect −0.694 ns −0.349 ns –
ROV Transect −1.383* −0.382 ns −1.300* –
Diver Scrape Quadrat 0.979** 1.078*** 0.969** 1.460*** –
ROV Photo Quadrat −1.100ns 0.049 ns −0.096 ns 0.379 ns 1.078*** –
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be accounted for using this method. Thus the use of a diver would be
the best option for rapid surveys, but the method that would be most
likely to detect new species would be scrape samples. If resources do
not allow for either of these methods, another approach could include
the collection of targeted scrape samples with the use of a long pole and
pocket net attached.
The usage of target lists as in this study has been applied in several
other studies (Ashton et al., 2006; Minchin, 2007b; Minchin et al.,
2016). Although target lists limit the potential species that can be de-
tected, the use thereof requires a smaller search team (Marić et al.,
2016) and facilitates training of divers and scientists. The use of target
species also ensures fast and cost-effective sampling compared to ex-
tensive surveys of all species present (Minchin et al., 2016). These lists
can be made more inclusive by adding species that are on watchlists
(i.e. species that have been identified as having the potential to arrive in
the region but that have not yet been recorded) to account for the
potential detection of new alien species (Hayes et al., 2002; Minchin,
2007b).
Based on the findings of the present study, we developed a frame-
work to guide alien species monitoring of recreational vessels (Fig. 4).
The intention of this framework is to enable managers to make in-
formed decisions with regards to effectiveness and related costs of the
various methods available for monitoring. The framework takes into
consideration both the nature of the species that managers wish to
detect and the associated costs. Species are classified based on their
size, abundance and mobility. A method is recommended and the costs
are reflected as Low, Moderate or High. “Low” costs involve only a
diver using a target list to visually search for species. The diver would
need to be a qualified scientific diver with the ability to identify all
species on the target list. “Moderate” costs involve the use of a diver
collecting data along with the use of a diver operated video and the
collection of species from niche areas when an unusual species is noted
or confirmation of a species identification is needed. “High” costs in-
volve the collection of scrape samples from the hull and niche areas and
the processing thereof. Although it should be noted that these costs are
reduced to “Moderate” or even “Low” when fouling cover is low (i.e. FR
0 and FR 1). Nonetheless, scrape samples are the most cost efficient as
they incur the least cost per species detected. When scrape sampling is
not financially viable then other diver methods such as visual inspec-
tions of hull and niche areas are suggested. Additionally, costs may
further be reduced if surveys are directed at specific, easily identifiable
target groups. Notably the context of the monitoring programme also
needs to be explicit when selecting sampling methods and considering
their associated costs and benefits. For example, if the objective is to
detect alien species in a particular location then it will be imperative to
sample as many yachts as possible. In such an instance the best results
are likely to be gained by divers collecting scrape samples from niche
and hull areas but the costs will be high. In contrast if the objective is to
prevent spread to other regions, only those yachts leaving the marina
will need to be sampled prior to their departure and costs will be re-
duced. It is unlikely that long-term monitoring and once-off sampling
programmes will require different approaches based on their duration.
Rather sampling approaches should be selected to meet the desired
management objectives, bearing in mind financial limitations.
5. Conclusions
The findings of this study highlight that in order to optimize the
detection of marine alien species on the hulls of recreational vessels,
diver-based sampling needs to be employed. The collection of scrape
Fig. 3. The mean cost in terms of A) time and B) finances and the C) mean
number of alien species recorded per boat. Data are combined for all four
marinas. Refer to Table 3 for measures of variability. Shared lettering indicates
no significant differences detected by posthoc Tukey HSD tests (p < 0.05).
Table 3
The mean (± SD) number of alien species, cost in terms of time (minutes) and
money (USD) spent per boat and the cost: benefit ratio (cost per species de-
tected), when applying the various methods. Underlined values depict the least
desirable values in each category, while bold values are the most desirable.




USD (Ȳ ±SD) Cost:
Benefit
ratio
Diver Meander 1.8 ± 0.3 22.5 ± 5 40.8 ± 7.2 22.67
ROV Meander 1.2 ± 0.6 44.5 ± 4.6 71.1 ± 0 59.25
Diver Transect 1.5 ± 0.3 19.5 ± 5 38.3 ± 7.2 25.53
ROV Transect 0.7 ± 0.7 35.5 ± 4.6 67.8 ± 0 96.86
Diver Niche 2.5 ± 0.4 19.5 ± 5 51.7 ± 7.2 20.68
ROV Niche 1.6 ± 0.2 31.5 ± 4.6 67.3 ± 0 42.06
Scrape Quadrat 3.4 ± 1.2 86.5 ± 1.3 67.4 ± 7.2 19.82
ROV Quadrat 1.1 ± 0.7 50.5 ± 4.6 68.6 ± 0 62.36
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samples, while expensive, offers the most effective approach for alien
species detection, followed by the observation of niche areas. However,
depending on the financial constraints facing monitoring programmes,
one of several diver methods can be applied, with the use of the fra-
mework provided, to detect alien species in fouling assemblages. The
framework offers a rapid means of selecting appropriate sampling
methodologies for alien species detection and can be applied to other
recreational vessels. The findings of this study have therefore, advanced
our understanding of sampling techniques for alien fouling assemblages
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